Objectives: To assess the difference in survival and neurological outcomes between endotracheal tube (ETT) intubation and supraglottic airway (SGA) devices used during out-of-hospital cardiac arrest (OHCA). Methods: A systematic search of five databases was performed by two independent reviewers until September 2018. Included studies reported on (1) OHCA or cardiopulmonary resuscitation, and (2) endotracheal intubation versus supraglottic airway device intubation. Exclusion criteria (1) stimulation studies, (2) selectively included/ excluded patients, (3) in-hospital cardiac arrest. Odds Ratios (OR) with random effect modelling was used. Primary outcomes: (1) return of spontaneous circulation (ROSC), (2) survival to hospital admission, (3) survival to hospital discharge, (4) discharge with a neurologically intact state. Results: Twenty-nine studies (n = 539,146) showed that overall, ETT use resulted in a heterogeneous, but significant increase in ROSC (OR = 1.44; 95%CI = 1.27 to 1.63; I 2 = 91%; p b 0.00001) and survival to admission (OR = 1.36; 95%CI = 1.12 to 1.66; I 2 = 91%; p = 0.002). There was no significant difference in survival to discharge or neurological outcome (p N 0.0125). On sensitivity analysis of RCTs, there was no significant difference in ROSC, survival to admission, survival to discharge or neurological outcome (p N 0.0125). On analysis of automated chest compression, without heterogeneity, ETT provided a significant increase in ROSC (OR = 1.55; 95%CI = 1.20 to 2.00; I 2 = 0%; p = 0.0009) and survival to admission (OR = 2.16; 95%CI = 1.54 to 3.02; I 2 = 0%; p b 0.00001).
Introduction
Out of Hospital Cardiac Arrest (OHCA) is the third leading cause of death in the United States and represents a significant public health concern [1] . OHCA is a heterogeneous and time critical condition with a variety of aetiologies, and little is known about the benefits of various interventions [2] . Previous guidelines have reduced the emphasis on endotracheal intubation as an airway management strategy, although optimal airway management remains uncertain [2] .
Methods
This study was registered with the International Prospective Register of Systematic Reviews (PROSPERO; CRD42018100126). The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline was followed.
Search strategy
A systematic search was performed by two independent reviewers (LW & RV). The search included SCOPUS, PubMed, Medline, Cochrane Central Register of Controlled Trials and Web of Science. This search was conducted from the inception of the databases until September 2018. The search was performed using Medical Subject Headings (MeSH) terms, which included: "Airway management" plus "cardiac arrest"; "Emergency Medical Service" plus "out-of-hospital cardiac arrest" plus "airway management". The term "Airway Management" consists of MeSH terms "intubation", "laryngeal mask" and "positive pressure respiration". "Emergency Medical Service" consists of MeSH terms "ambulance" and "prehospital emergency care". For completeness, a manual reference check of a recent review (5) and other accepted papers was performed to identify any additional studies.
Eligibility criteria
For a study to be included in this meta-analysis the authors were required to report on (1) cardiac arrest or cardiopulmonary resuscitation (2) endotracheal intubation versus supraglottic airway device intubation. Supraglottic airway devices included laryngeal masks and laryngeal tubes. Clinical outcomes of interest were required to be presented (no systematic review or meta-analysis). Only out of hospital cardiac arrest studies were eligible for inclusion. Two reviewers (LW & RV) assessed agreed upon each study for inclusion in this systematic review. All study designs were eligible for inclusion.
Exclusion criteria
Manikin and simulation studies were excluded. Studies that selectively included or excluded patients were ineligible, for example witnessed cardiac arrest patients. In hospital cardiac arrests were not eligible for inclusion.
Outcomes
The primary outcomes of interest included (1) return of spontaneous circulation (ROSC) (2) survival to hospital admission (3) survival to hospital discharge (4) survival to discharge with a cognitively intact state. An intact neurological state was defined as a cerebral performance category one or two or modified Rankin scale ≤ 3. All included studies were screened for additional common outcomes for post hoc analysis.
Data collection and extraction
Two reviewers (LW and RV) independently extracted data from each article that met the inclusion criteria. The data extracted from each study included the study design, sample size, airway device, cause of cardiac arrest, registry utilized and outcome measures. The data collected by each reviewer was then compared for homogeneity.
Risk of bias
Two independent reviewers assessed each study for risk of bias. Two separate tools were used. Randomised controlled trials (RCTs) were assessed for risk of bias and methodological quality using the Cochrane Collaboration's tool for assessing the risk of bias [9] . Non-randomised were assessed using the ROBINS-I tool [10] .
Statistical analyses
The combined data was analysed using RevMan 5.3 software (The Nordic Cochrane Centre, Copenhagen, Denmark). Dichotomous outcomes were analysed using an Odds Ratio (OR) with 95% confidence interval (CI). The Mantel-Haenszel (M-H) random effects model was used. The absolute difference between the two groups was measured utilizing the risk difference with 95%CIs. Heterogeneity was assess using the I 2 statistic, with an I 2 N 50% indicating significant heterogeneity. Given we intended to assess four outcome measures, we used the Bonferroni method to minimise the risk of type one errors. Therefore a p value of b0.0125 provided evidence of significant OR.
Subgroup and sensitivity analyses
Pre-specified sensitivity analyses were performed based on care provider, manual chest compressions, automatic chest compressions, laryngeal mask use, laryngeal tube use, cause of arrest, location of arrest and study quality. In the case of studies utilizing duplicate databases, two authors (LW & RV) independently decided which duplicates to exclude on sensitivity analysis. Any disagreements were settled by a third reviewer (TM).
Assessment of quality of evidence
The quality of evidence and confidence in estimates of effect were assessed using the GRADE (Grades of Recommendation, Assessment, Development and Evaluation) approach [11] . This approach was performed by considering the within study risk of bias, heterogeneity between studies, effect estimate precision and the risk of publication bias. Publication bias and small-study effects were assessed via funnel plots of standard errors versus effect estimates. This study was written in accordance with the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) checklist [12] .
Results

Literature search results
The systematic literature search yielded 29 studies for inclusion in this meta-analysis (Fig. 1) . The initial electronic search identified 1494 studies and a further 17 were identified on manual reference and citation searches. Following the removal of duplicate records and title screening, 109 abstracts were reviewed. Sixty-three full text studies were reviewed to identify the 26 included studies. There were no disagreements between the two authors performing the search review. In total data from 539,146 patients were included (Table 1) . Details on the individual excluded studies are listed in Table S1 .
Risk of bias
Each study was then screened for risk of bias and methodological quality using the Cochrane Collaboration's tool for assessing the risk of bias for RCTs and the ROBINS-I tool for non-randomised studies (Table S2) . Included in this meta-analysis were five low risk RCTS, eight moderate risk non-randomised studies and sixteen serious risk non-randomised studies.
Database duplication and outcome measures
Of the twenty-six studies included, eight overlapping registry trials were found. Various studies performed in Japan were included in this meta-analysis [6, 31, 56, 58, 63, 66, 67, 69] . However, due to the time span of the Fukuda et al. study (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) inclusive), which included Japan-wide data, some studies [31, 58, 63, 67, 69] 
ROSC
Twenty-three studies (n = 397,158) investigated the effect of advanced airway management on ROSC showing a significant increase with ETT (OR = 1.44; 95%CI = 1.27 to 1.63; I 2 = 91%; p b 0.00001; Table 2 ) [6, 7, 14, 31, 47, [49] [50] [51] [52] [53] [55] [56] [57] [58] [59] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] 72] . The funnel plot of the overall result was skewed to the right (Fig. S1 ). Based on the GRADE framework this was judged to be very low quality evidence. There was no change in significance or heterogeneity with removal of duplicate databases. On subgroup analysis for resuscitation variables EMT provider and manual chest compressions remained significantly in favour of ETT (p b 0.0125) with significant heterogeneity. The only outcome to have a significant increase in ROSC without heterogeneity was cardiac arrest using automated chest compressions (OR = 1.55; 95%CI = 1.20 to 2.00; I 2 = 0%; p = 0.0009). On analysis of moderate and serious risk studies, the significant benefit of ETT with significant heterogeneity remained. The significant effect was lost without heterogeneity on analysis of low risk RCTs (OR = 0.92; 95%CI = 0.80 to 1.05; I 2 = 23%; p = 0.22).
Survival to admission
Fourteen studies (n = 51,756) investigated survival to admission, with a significant increase with ETT (OR = 1.36; 95%CI = 1.12 to 1.66; I 2 = 91%; p = 0.002; Table 3 ) [7, 14, 49, 50, 52, 53, 55, [58] [59] [60] [61] 64, 70, 71] . The funnel plot of the overall result was skewed to the right (Fig. S2) . Based on the GRADE framework this was judged to be very low quality evidence. There was no change in significance or heterogeneity with removal of duplicate databases. On sensitivity analysis for resuscitation variables LMA and laryngeal tube, there was no significant difference with significant heterogeneity (Table 3) . Without significant heterogeneity, there was a significant increase in survival to admission with ETT during automated chest compressions (OR = 2.16; 95%CI = 1.54 to 3.02; I 2 = 0%; p b 0.00001). On analysis of the low risk RCTs there was no significant difference between ETT and SGA (OR = 0.97; 95%CI = 0.68 to 1.09; I 2 = 0%; p = 0.59).
Survival to discharge
Twenty-two studies (n = 440,564) investigated survival to discharge with no significant difference with ETT compared to SGA (OR = 1.28; 95%CI = 1.02 to 1.60; I 2 = 96%; p = 0.03; Table 4 ) [6, 7, 14, 47, [50] [51] [52] [53] [54] [55] [56] [57] [58] 60, 61, 63, [65] [66] [67] [68] [70] [71] [72] . The funnel plot of the overall result was skewed to the right (Fig. S3 ). Based on the GRADE framework this was judged to be very low quality evidence. There was no change in significance or heterogeneity with removal of duplicate databases. The subgroup analysis there was no change in non-significance with laryngeal tubes, whereas the LMA subgroup had reached significance over ETT with heterogeneity (OR = 1.80; 95%CI = 1.14 to 2.83; I 2 = 85%; p = 0.01) ( Table 4 ). Subgroup analysis for automated chest compressions was unable to be performed. There was no significant difference in survival to discharge in the low risk RCTs (OR = 0.90; 95%CI = 0.68 to 1.20; I 2 = 70%; p = 0.49; Table 4 ).
Survival to discharge with a neurologically intact state
Fourteen studies (n = 438,261) showed no significant difference (p N 0.0125) in discharge with a neurologically intact state (p = 0.16; Table 5 ) [6, 7, 47, 51, 56, 58, 59, 61, 63, 65, 67, 68, 70, 72] . The funnel plot of the overall result was skewed to the right (Fig. S4) . Based on the GRADE framework this was judged to be very low quality evidence. This remained unchanged based on removal of duplicate studies, EMT provider, manual chest compressions, LMA use and laryngeal tube use (Table 5 ). When separated into low, moderate and serious risk studies, the effect remained non-significant.
Discussion
This was the largest and most up to date systematic review and meta-analysis on airway management in OHCA, with 29 studies and 539,146 patients included. Overall, ETT demonstrated better early survival rates (ROSC and survival to admission) than SGA devices. Despite the improved early survival rates, there was no significant in longer term outcomes such as survival to discharge and neurological function at discharge from hospital. The clinical application of the overall improvements in early survival with the use of ETT is limited due to the significant heterogeneity (I 2 = 91%). This reflects the multifactorial nature of both cardiac arrest aetiology and management. For this reason multiple sensitivity analyses were performed. The first sensitivity analysis performed was to control for the skill level of care providers, thus an analysis including EMT providers was undertaken. Again, the initial overall increase in early survival outcomes but not survival to discharge or neurological state with ETT insertion remained. This sensitivity analysis still had significant limitations such as, difference in seniority and skill level of EMT, indication and airway difficulty. All of these factors directly impact on the success of the airway techniques, as well as, the expertise of the provider managing the cardiac arrest as a whole [73] . Furthermore, the majority of studies did not report on intervention crossover rates, which would adversely affect time to successful ventilation, as well as delays to chest compressions and other interventions. A further limitation to the overall results include large amount of overlapping data from the same databases. When studies were assessed for duplication, eight overlapping studies were identified. On sensitivity analysis, duplicate databases were removed which resulted in no change the significance of the overall results, or the heterogeneity of the overall results. Recommendations based on prior meta-analyses have been largely limited by the quality of included studies. For the first time, the present study performed a sensitivity analysis based on low risk of bias RCTs. All five studies were relatively homogenous utilizing non-physician providers for the management of non-traumatic cardiac arrest. Three [52, 63] of the five studies compared ETT to LMA, whereas the studies by Wang et al. and Rabitsch et alcompared ETT to esophagotracheal combitube (ETC). Between the studies, the first attempt success rate for LMA (Supreme and I-gel) insertion was reasonably consistent (75-79%). There was a higher than expected first attempt success rate for ETC 98% and wide variation in ETT first attempt success rate (51-96%). Each of these studies appears to have controlled for intra and post resuscitation care by following national guidelines. However, adherence to these guidelines is not commented on. Notably, none of these studies included patients receiving automated chest compressions. Therefore, these five RCTs serve as the first level 1 recommendation to show no difference in survival or neurological outcome between ETT and SGA in advanced airway management for OHCA. Further sensitivity analyses were performed in an attempt to control for specific intra-arrest management variables. These included analyses of SGA device type and type of chest compression. Interestingly, the only management related sensitivity analysis to show a significant benefit without heterogeneity was in the presence of concurrent automated chest compressions. This is important given the increasing popularity of automated compression devices for both in and out of hospital cardiac arrest [7, 14] . This subgroup analysis was only able to be performed on short term outcomes (ROSC and survival to admission).
Analyses of intrathoracic pressure during both manual and automated chest compressions have previously been performed [74] . These show that there a greater sustained pressure throughout the chest compression cycle with mechanical compressions [75] . However, compression induced ventilation is not possible in humans. Therefore, a patent airway and assisted ventilation is still required during cardiopulmonary resuscitation. The benefit of ETT over SGA in this setting is likely related to elevated intrathoracic pressure and thus reduced efficacy of SGAs. These findings suggest that if an emergency response service utilizes automated compression devices, endotracheal tubes are likely to result in increased survival. The one caveat to this suggestion is that when mechanical compressions are used, the placement of an ETT will be more difficult. For this reason, airway adjuncts such as the digitallyassisted pre-loaded bougie technique should be used [76, 77] .
Airway management is only one facet of intra and post cardiopulmonary resuscitation care. For this reason, it is understandable why any difference in outcome will diminish over time. The results of the present study showed no significant increase in survival to discharge or neurological outcome, with significant heterogeneity on all subgroup were assessed for risk of bias and methodological quality using the Cochrane Collaboration's tool for assessing the risk of bias [9] . Non-randomised were assessed using the ROBINS-I tool [10] . ROSC = return of spontaneous circulation; OHCA = out-of-hospital cardiac arrest; ETT = endotracheal tube; SGA = supraglottic airway; LMA = laryngeal mask airway; LT = Laryngeal Tube.
analyses. This only serves to illustrate the complexity of post arrest neurological outcomes, beyond simply avoiding hypoxia. Even in the most well designed RCT it would be difficult to control for key intra arrest variables (e.g. cause of arrest [78] , antiarrhythmic used [79] ) or post arrest care (e.g. cooling [80] , blood pressure management [73] ).
Limitations
The predominant limitation to this review is the lack of RCTs and a significant number of retrospective studies from overlapping databases. On the subgroup analysis removing the overlapping studies, this did not affect any of the results. This inconsistency of reported outcomes has been highlighted in critical care literature remains a significant limitation to the conclusions drawn from the present study. Furthermore, the five RCTs utilized different supraglottic airways, which may impact the overall outcome.
The diminishing effect of the overall result on longer term outcomes such as neurological status on discharge likely reflects the multifactorial nature of arrest cause, provider type and management strategy. The majority of studies included in the present review do not control for or even mention many variables such as antiarrhythmic used and post ROSC management. This has a significant bearing on the conclusions drawn from the longer term outcomes included in the present study.
Conclusion
The present study showed a significant benefit with use of endotracheal intubation over supraglottic airway, however this is likely the result of numerous other factors related to the cause and management of cardiac arrest. Five low risk studies provide a generalised level one recommendation that overall there is no benefit for endotracheal intubation over supraglottic airway devices. In the situation of automated 
